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This paper discusses the objectives elf a program in
cs--the an ysis of sports skills and mo ement--and the
of the °mechanics program at Iowa State University. The

bje of such a course is to provide the student with t0
cessary for adequate analysis of human,movement; with

asis upon those sports and games encountered in
and, high schools, The course also seeks t epare,-

ent in scientific areas that can enrich t., nderg ad -late
ricufumand'serve as .a ose who w pursue),

iomechanics at the graduate A problem tha as identifie,d
)1alf a century a-go is sti prominent in the- t- ching of

omec anics: most s A* nts entolling for, such a course do not have,
extensive sci-ence "backgrounds; consequently, the )iave little or no
knowledge- of, 'physics. To avoid- inefficient use o instructor time,
Iowa State, -University has designed and require a basic course in
physics for all students entering the biomech lc* course. The 'bourse
is designed so that -the problems encountered/areexpressed in
biophysical terms. The biomechanics in tru or can thet begin with a
brief review of, anatomy and muscle ysio gy and examination of
kinematics and an overview of,inSt u tion and'analyss techniques
used in biomechanical investiga ,n g' with practical
applications to a variety of nt sports. Students are examined

/ ,

mes
In three ways: review of-lab-work,/ written examination, and practical
examination. '(Slides were used with the presentation.) (DMT)
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It is apparent

of any col leg lever

quirements of the st,

principle in he evo

. State Univer ty.

r

'4

If curre t tren

gradua'tes' in ysica

hat the course content and mode of instruction
r 1,

q

course should he determined largely by the re-
.

dent ',p9pulation. This_ as been' the guidiqg
,

'ution of. the Biorneclidleifi-tprogran at Iowa
.

.

-COURSE OBJECTIVES 4

s continue, only a 'Small Percentage of Ander-
.

education 44 .

proceed to graduate work, and

a large majority of t ose in graduate, programs :will ;receive anly

limited; additional instruction, in Bibitedhanics. llenCe, the under-
).

graduate course%wilr be,:ta-tiniqUe expetieqce for the majority 'of

receiving such ; ,instruction: The undergraduate-course
1.

sh,o,UId . therefore ,previde a -4ody Fof - instruction( Miidh
1.

-I-. Clea'rrY de f

2.- Specific #s applications to the present and
fiiture -teachin enl\experiences of studts.

/

FurtherinOte, .in departments of physical education. we

is:

freAugh tly

iil 'science;
C o

are.

.dealing with students who have:had limited preparation

sequently, , due to the exciting nature of subject

-matter .it/Slomechanics, the edudator has the opportunity to
, s.

.11mAortAnt contributions to the broader education offuture'

teachers in this technological society.

In summary, the objectiVes, oi the undergraduate

Biomechanics may be spedified as follows:

1

make

course in '

Ij
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SLIDE 1 Primary Objective

0

To provide the student with,the basic tools necessary for

adequate analyses of -human movement; with special emphasis upon

those sports and games encountered in elementary and high schools.

`Secondary Objective's

To provide students with adequate'preparation in appropriate

scientifid areas, Which can

1. Enrich the undergraduate curriculum, and,
t P, b

2. _Serve as a 'solid basis for those who will pursue
biomechanics'at-the graduate level.

COURSE CONTENT

The contend of course must be designed to meet the above

4

objectives in a manner most suited to the participants.

- In almost all fiOdS\bf acadeMic study, appropriate levels of

o proficiency in stipporting areas are required for adequate commu-

nication between student aid instructor. Certain prerequisites

should therefore precede the undergraduate course in biomechanics.

Almost half a century ago, Charles H. McCloy:recognized that

many of his students had,sucedefIcient backgrounds'in science

that he was obliged to precede his instruction of the mechanical
4

analyses Of.sports skills by.an ntroductory unit in physics.

'IRegrttably, this.,seate of_Affaira is little improved today! . It

has therefore becpme common practice to -spend a significant part

of the available time in an undergraduat urse, teaching

A

ti



SLIDE 2

-3-

elementary science. The knowledge nculcated is subsequently

utilized in selected applications o sports techniques.

At Iowa State University th Physicat Education faculty has

recognized that this may nbt re resent the most efficient use of

instructor time. Similarly,-t e Department of Physics recognizes

that the teaching of physics is best handled by physicists. An

elementary physics course which isrelected by numerous physical

education majors has, Eierd rose.,,been adapted to draw upon the

subject matter of biomechanics for its illustrative. examples.

The physics r c
.,

course will soon become a tequirement Co ptecede 'the
.

,..

...

biomechanics course. An existing required course, Anatomy of

Human Movement, ,covers the information necessary for an adequate

understanding of the kinesiologicalaspects of biomechanics.

At this time the rontents of the biomechanics course are as

follows: Ter'

-;

1. "Body of.Knowledge"
...
_,...,..

,

a. A b.r.444 revitkii,of apattniir-nnd* muscle physiology'

and examination O:rtheinternal forces encountered
in biomechanics. -

. b. Lecture and laboratory study of kinematics and
kinetics of external forces, encountered in
biomechanics.

c. Overview of'instrumentation and analysis techniques
used in biomechanical investigations.'

' 2. Practical applications of the "body of knowledge to a

variety of games and 'sports.

5
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In the study of the "Body of Knowledge," an attempt is made M
,

to differe tiate between:

//

1. Information which can be readily learned and retained
by verbal dissemination, reading assignments, and

/ classroom demonstration; and ,

Concepts which can be fully appreciated only by
wh'ands-on" interaction by the student working in the
practical experimental setting.

Through efficient time-tabling, lecture-demonstrations and

related laboratory experiments can _be juxtapositioned'so as to

reinforce essential concepts at,appropriate times.
A ,f;

For example, slide 3 shows a laboratory experiment which is

performed in conjunction with the study of linear kinematics.

Students examine the velocity and acceleration characteristics of

swimmers. Measurements of stroke length and stroke frequency are

also made--and in an effort to reinforce this latter concept,

students will later work on PLATO terminals and will manipulate

comparable Variables for speed skaters, cyclists, sprinters, and

rowers.

During the study of angular kinematics, a laboratory

experiment using gra check sequence pictures of golf swings is

used to compute the a gular velocity, and acceleration charac-

teristics of golfers.

. 111

The seddy.of kinet cs has frequently been confusing to

students, undoubtedly on of the reason for this maybe found by

examining available textbooks. No respected engineering text
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deviates from a logical approach to kinetics -- the nature'df forces
a

r -

is examined and all of the forces present in even the Most simple
. .

analysis are accounted for.before analysis is undertaken. In con-
.

.4
trast, texts dealing with the blomechanics of sports frequently

omit reference to certain significant forces, and the discussion'

of the remaining fortes is,not systematic.
- .

Careful scrutiny of oar field of interest will reveal that

there are six, and only six,fliFircss of any significance in bio-

mechanical analyses. These farces may be systematically classified

into three categories, as follpws:

1. Weight

2. Contact forces
NorTel reaction

b. Friction

3. Fluid forces
a. Buoyancy
b. Drag
c: Li

Students rea 1 appreci4te that as an aid to memory the three

categories of force

respectively.

SLIDE 4 Each of these forces_is_defined1-:demonstrated and studied in

soMe detail and, where, appropriate, laboratory experiments are

performed...,

SLIDE 5 \ For example "5 illustrates experiments with friction.

Expertments such as these. are performed under controlled conditions

contain one, two; and three, forces,

in the dabrpratory and,also.in realistic "field conditions"-on

actual playing surfaces.

I



SLIDE 6

SLIDE 7

SLIDE 8

,SLIDE 9

SLIDE 10

The_chncept'of weight and center- of gravity is fully

appreciated after an examination of angular kinetics.

Although most indoor work is carried out in a relatively

Unsophisticated laboratory-lecture room,'the work in fluid

mechanics is continued in the Department of Aerosp.ace Engineering.

Characteristically, departments of physical education lack such

facilities, but it is frequently possible to obtain the use of

engineering facilities. through diplomacy and common research

interests with engineering colleagues.

SLIDE 11 Si -

SLIDE 12
14A

SLIDE 4 Following examinations of the six significant forces, the

technique of drawing two-dimensional free body diagrams is

introduced. The student is expected to be able to sketch the

outline of an instantaneous position it the execution Of any

familiar skill,'then, significant forces are .represented in

approxiMate magnitude, direction, and point of application, by

vector' arrows. As,an aid to memory in future analyses, forces

are considered, by Conyention, in the sequencejn which they were

studied in the.earLier part of the course.

The model is' then subjected to-analyIri, the results of which

e

are used as,a guide in the study of the real system. It ca'trb-r----

seen that not only does; the technique,allow'for a logical and

detailed study of gro'ss motor skills; but Also serves as a

.recognizable,introduction to the concept of mathematics modeling.



Practical -App-14-at-ions

Miring the second Inferrmation,

gained ,in the "BO-ay Knowledge section-Hia_Wlied:6

sports-and skills. These application's are carried out whenever

03.
if, 4:
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possible in the locations in which theactivitiesaste--p rformed
,.. ,

and employ subjects of a wide- variety of ability levels. A black-

board is always available-for analysis, so that selected phases of

\
skills can be.i,frUstratei using free body diagrams-

.

_--
-.

Student evaluatio ''--giiia upon:- ts, 'two mid=
4 ,

'..---,-..., -7 ',._. ,

term quizzes and upon a final 'written exami----n tom.- The final
-----,... - -,

------- _

examination follows
.

the.paEtern set in the "Practical Applications

section of the course. At each of a variety Of 'rations, students

observe performers demonstrating spprt skills. Attention is drawn

to a specific part of each skill and questions are posed about the

mechanics of the execution of the skill. In each instance the

specified part of the skill is being performed inadequately as the

result of inefficient mechanics. Credit is awarded for identi-

ficatioft of faults and for correct explanation of the mechanics

involved.

Separate sheets of paper are used for each written discussion.

Upon 'completing the analysis of a skill, the students.give the

appropriate sheet of paper to the instructor before proceeding

to subsequent locations. While moving from one demonstration area

to the next, students are encouraged to discuss previout analyses

with one another and with the instructor. It is felt that this type.,
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of evaluation procedure is in itself a learning expFience, is

consistent with the primary course objective: and is thus mor%

appropriate than' more conventional written examinations.

Iu summary the,u6dergraduate biomechanics experlience at Iowa

State University has been designed to meet the netds of the future

teache'rs of physical education. Following the study-of a well-

defined, utilitarian body of knowledge, each Student is given the"'

opportunity to apply pertinent concepts in systepatic analyses of-'

gross motor skills.

The techniques used to aid the student in acquiring an

adequate level of prdiiciency.are in Many instances. comparable' to

those employed in numerous successful programs of biomechariics,

bat a number of unique-aspects have evolved from the availability

of local facilities.And the interests of involVed personnel. It is

_hoped that some of the innovrations disCussed may prove to be useful

to other teachers ofsbiomechanics.

17
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